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PHASE TRANSFORMATIONS DURING THERMAL TREATMENT OF ALLOY VT1§
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In this work, research was done into the VT18 titanium
alloy, which hds a combinafion of'stréngthjand creep resistance
between 550 and 600°, and is the most hé&t-resisting domestic
titanium alloy. However, this alloy has reduced stability of
properties, manifest in the change of strength and plasticity
during brolonged exposure in working temperatures. The constant
of elastic strain and contraction may vary by 25-50%.

The present research, devoted to studying phase and struc—
tural variations when hardening and tempering the VT18 alloy, -
was conducted on rods compressed at 900-1000°., The rods were
cut into bars and thermally processed. Specimens were cut from
the bars for investigating the microstructure, and for X-ray and
dilatometric analysis. ZX-ray analysis was carried out on a URS-50
IM diffractometer and in x-ray diffraction and x-ray optical
spectrometry chambers in copper and nickel radiations. Dilatograms
were obtained on a UVD dilatometer. Electron microscopic research
was carried out on a UEMV-100 microscope by the replica method.

Measurement of the width of the x-ray interférence line (1il4)
of the a-solid solution and microhardness, depending on the harden-
ing temperature (in the temperature region of 500-1100°) showed
the presence of four temperature regions of the phase state of
the alloy, characterized by the simultaneous increase or reduction
of the Indicated parameters (Fig. 1l). Dilatometric research
during continuous heating of quenched specimens shows that
volume changes occur during the same temperatures (Fig. 2),a).

*Nﬁmbers in thé margin indicate paginatlon in thé Toreign téxt.
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Fig. 1. Change in the width of the line (114) of the
a—-phase (a) and microhardness (b), depending on the
hardening temperature,

Key: c. Width of line (114) «-10°, rad
d. HV, kgf/mm2

1 | ! V i { [ i 1 | i [ 1 1 A | 1 1 1 ‘l’
L@ 208 gg  Gon 000 1000 0 200 oo 600 800 T,°C

Fig. 2. Dilatograms obtained during continuous heating
of specimens, quenched from 900, 1000 and 1100° (a) and

previously cooled in air from 900° and aged at 500-800°
for 100 hours (b).

T, °C: 1 - 900; 2 - 1000; 3 - 1100; 4 - 500; 5 - 0;
6 - 600; 7 - 700; 8 - 800. >

Key: c¢. std
d. sam

Researchlintq.the phase composition showed that, in all cases,
during hardening there are three phases -- a, ap and B. Lines
Qf the ap-phase gre'qnly distinct at low hardening temperatures,
and at a hardening temperature above 700°, one can judge whether
the ap-phase 1s present according to the‘présence of diffuse



rings on x-ray photographs. There are no lines of the B-phase
on x-ray photographs taken in the x-ray diffraction chamber, and
they only show during increased conditions in the diffractometer.
The presence of the B-phase is also confirmed by studying the
microstructure with an electron microscope (Fig. 3, a-c).

Fig. 3. Structure of specimens quenched from 600 (a),
900 (b), and 1000° (c), cooled in air from 900° (d),
and aged at 600° for 50Q hours (e).

The information obtained coincides well with a state diagram
compiled for alloys of the TiAl system [1]. A change of properties
durling the temperature hardening interval of 500-800° can be linked
with ordering processes, causing the formation of the a,-phase.
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The absence of change of volume and the Tall in the width of the

x-ray line and hardness during temperatures of 800-930°, apparently,

is linked with annealing processes in the single-phase o-region.
The increase of hardness and width of line at temperatures of
930-1060° with a transition to the region (¢ + 8), and the reduc-
tion of these parameters is linked with a transition to the 8-
region. Measurement of particle size of the &2-phase, according
to the width of x-ray interference lines, showed that during
quenching from 1000-1100°, their size 1s onlky approximately 20 R.
The measured parameters of the lattice of the «-phase are close
to parameters established in works [1, 2] and are: a = 5.789 ﬁ,

¢ = 4,649 A

During the work, no other ordered phases apart from the oap-
phase (TiBAl) were detected. The presence of wide lines at
narrow angles 6 (diffuse rings), in our opinion, are linked
not with the formation of the Ti3Al phase, with parameters of
a=11.52 % and ¢ = 4.68 &, as stated iIn work [3], but with the
presence of the close order during the formation of the as phase.
The presence of diffuse rings on x-ray photographs shows that
quenching does not completely eliminate the ordering process.
Apparently, this is linked with the fact that the ordering
temperature for this alloy is quite high (~:780-800°) and is in
the region for the relatively high diffused mobility of afoms.
As opposéd to informatlon in work [1] on alloys of the Ti-Al
system, when a VT18 alloy is quenched from temperatures of 930-
1100°, d'-martensite is formed. This is obvious by its micro-
structure and the sharp increase of hardness and line width on
x-ray photographs (see Figs. 1, 3, e¢l.

The basic¢c results showing the uniformities for transforma-
tions during tempering;of'the VT1i8 alloy, were obtained by the
dilatometric method. Figure'z,‘c shows. curves for the change of
elongation of samples during continuous heating after cooking in
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alr from 900°, and aging for 100 hours at 500~800°. Information
shown 1In this figure indicates that the course of curves showilng
changes of elongation is different for samples aged at 500-600°,
on one hand, and 700-800° on the other. This difference in the
Ctourse of curves is determined by the fact that the phase composition
of specimens  1is different: at 500-600°, a considerable quantity
of the da-phase is formed; at 700°, its quantity is very small;
and at 800°, there is no as-phase. Therefore, whereas:for
specimens aged at 500-600°, the change in the volume will only

be linked with the disordering process, for specimens aged at
700-800°, this change will be linked, at first, with the ordering
process, occurrlng during heating to relatively low temperatures,
and with an increase of temperature —-- with disordering processes.

Dilatometric curves, obtained during isothermal research of
spépimens quenched from 900-1100°, show that in the region of
temperatures examined (400-600°) there is a reduction of volume
during the early stages of aging, linked with the formation of
the as-phase. The time when the ordering process finilshes depends
on the hardening temperature, and the higher the hardening tempera- /77
ture, the faster the ordering process occurs (Fig. 4). Hence, after
— quenching from temperatures above

? wwf 930°, martensite is formed.

Ly | Apparently, the ordering process
s \\iiih\ : occurs easily in the distorted

; lattice of martensite, with an
34W“ identical crystal lattice to the
i a-phase, than in the little-

Fig.'u. The dependance on the distorted o-phase itself.
time when the eorderlng process
finishes on the hardening tem-

perature and a%ing. Thard, °C: The g-phase, observed in
1 - 9005 2 - 980; 3 - 1100. .- . ‘ X

all Pesearch,conditlons,‘and the
Key: a. Aglng presence Of which in the structure

b. Hours. is linked, probably, with the



irregularity with respect to molybdenum and vanadium, did not .
remain unchanged dﬁring aging. Research into the microstructure
under an electron microscope showed that the B-phase decomposes;
this is particularly noticeable aftér aging for 500 hours at 600°
(Fig. 3, e). LlLater stages of this long aging are accompanied by
an increase in plasticity, which 1s Iinked mainly with a struc-
ture change: during decomposition, plates of the B-phase are
transformed into globules, and, as 1s known, a structure with
globular inclusions is more plastiec than with laminar ones.

Figure 5 shows curves 1llustrating the property changes of
the VT 18 alloy after aging for 100 hours at 550-750°. Figure
S 5 shows that the increase

!
in the aging temperature

> causes an increase of
plasticity, and during
aging, the elongation

in the a-region is

approximately 6% greater

than in the region (a + as).
Therefore, 1t is possible
that preliminary processing

in the temperature region
close to the transition

temperature of a + (o + 8),

with subsequent short-term

I I l .
g s09 650 760776 aging In the working

temperature ranges increases

Fig. 5. The change of mechanical the stability of properties

progerties of specimens and bars of of the alloy with sufficient
VT18 alloy depending on the agilng lasticit
temperature aging time of 100 P CLLy.

hours. 1 - spec¢imen; 2 - bars;
3 = initial state.

Key: a. kgf/mma'



Conclusions

1. If was shown that during quénching from temperatures
below 930°, apart from an a-matrix, there is an ordered ap-phase
and a certaln amount of g-phase in a VI18 alloy. When quenching
from temperatures above 930°, the structure consists of martensite
of the &'—, dz— and B-phases.

2. It was established that when the VT18 alloy is aged,
during the first stages of aging the change of properties is
determined by the formation of an ordered dg—phase. It was
shown that during longer exposures, there is a decomposition of
the B-phase.

3. Apparently, the instability of properties of the VTLS
alloy during working temperatures is determined by processes
linked with the cordering of the a-sclid solution and decomposition
of the g-phase.
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